The accumulation of heavy metals (Cu, Ni, Zn, Cd, Pb, Cr, B, As) was measured in water, plankton and sediment samples taken from different areas of Lake Uluabat during January 2003 to February 2004. The sequential extraction used in this study is useful to assess the potential mobility of heavy metals in the sediment indirectly. In this study, Cu, Pb, Cr, Cd, Ni and Zn concentrations were detected at higher levels at Lake Uluabat for selected stations, especially in plankton samples. The magnitude of heavy metal concentrations in water and plankton samples was determined as B>Zn>As>Cd>Pb>Ni>Cr and Zn>Ni>Cu>Cr>Cd>Pb, respectively. The mobile heavy metals in sediment samples were sequenced as Pb>Cu>Cr>Ni>Cd>Zn, whereas the magnitude of easily mobilizable metal concentration was determined as Pb>Ni>Cr>Cu>Cd>Zn. Concentration of Cu and Cr in mobile fraction is detected higher than in easily mobilizable fraction. Concentration of Pb, Cd, Zn and Ni in mobile fraction is detected in lower levels than in easily mobilizable fraction.
INTRODUCTION
Fresh water lakes support many life forms, providing recreation and game fishing to the communities, as well as being a good source of water for drinking and water production by municipal water works. The contamination of soils, sediments, water resources and biota by heavy metals is of major concern especially in many industrialized countries because of their toxicity, persistence and bioaccumulative nature (Ikem et al., 2003) . Toxic metals can alter many physiological processes and biochemical parameters, either in blood or in tissues including structural deformations in aquatic animals (Cengiz and Ünlü, 2002; Barlas et al., 2005) . Being non-biodegradable, they can be concentrated along the food chain, producing their toxic effects at points often far away from the source of pollution (Fernandez et al., 2000) .
The build-up of metals in sediments has significant environmental implications for local communities, as well as for lake quality (Demirak et al., 2006) . Sediment contitutes the most important sink of metals and other pollutants; it can act as a non-point source and has the *Corresponding author. E-mail: aelmaci@uludag.edu.tr. Fax: +90 224 44291 48. Tel: +90 224 2942107.
potential to release the sediment-bound metals and other pollutants to overlying waters, and in turn adversely affects aquatic organisms (Wang et al., 2004) .
Many important wetlands in Turkey have been polluted by different type of heavy metals and other contaminants like Lake Uluabat. Lake Uluabat, which is located in Marmara region, Bursa (TURKEY) (40º10' N, 28º35' E) is one of the most productive lakes with respect to aquatic ecosystems. It has a mean surface area of 133.1 km 2 in 1984, 120.5 km 2 in 1993 and 116.8 km 2 in 1998. Lake Uluabat is one of the most important wetlands not only in Turkey but also in the Middle East and Europe. It is one of the most nationally and internationally important area. The Lake is staging site for globally threatened and legally protected species such as Pygmy cormorant, Phalacrocorax pygmeus, the Dalmatian Pelecanus crispus and the Otter Lutra lutra. During the first full survey of breeding birds at Lake Uluabat in 1998 by the Royal Society for the Protection of Birds (RSBP), Lake Uluabat was found to be the most important site in Turkey for Pygmy cormorant and Whiskered Tern Chlidonia hybriddus. Lake Uluabat is also the second most important site for the globally threatened Ferrugionus Duck Aythya nyroca. Accordingly, Lake Uluabat is an incredibly important site. Besides, Lake Ulubat has the largest white water lily beds in Turkey (Anonymous, 2000) . Due to its importance, Lake Uluabat was designated by the Ministry of Environment as a RAMSAR site in 1998 and consequently it was chosen as a partner of International Living Lakes Network in the 4 th International Conference at EXPO 2000 (Aksoy and Özsoy, 2002) .
The objective of this study was to examine the concentration of selected heavy metals in water, sediment and plankton samples at different stations in Lake Uluabat, during February 2003 -January 2004. In addition it was aimed to evaluate the distribution of mobile and easily mobilizable metal fractions in sediments of Lake Uluabat.
MATERIALS AND METHODS
A map of Lake Uluabat showing sampling locations is presented in Figure 1 . Sampling of the Lake's water for analytical purposes was performed monthly from February 2003 to January 2004 from 5 different stations. The first station was near the outflow of Lake Uluabat. The second station was in the southern of the Island Halilbey. The animal wastes runs to the Lake at the shores in the biggest island of the Lake, Halilbey. Furthermore, the entrance of the Mustafakemalpa a stream is close to the second station. The third station was in the southwestern of Island Mutlu, which is located nearby the village of Eskikaraa aç. Domestic wastewater drains to the lake from this place. The fourth station was between Island Mutlu and village of Eskikaraa aç. The new highway passes close to the villages. And finally the fifth station was near the village of Akçalar. Domestic and industrial wastewaters especially, that arise from a tinning factory are discharged to the lake from Akçalar.
Water and plankton samples were collected from the water surface in 1 liter pre-cleaned polyethylene bottles. Water samples were filtered through Whatman membrane filters (cellulose nitrate). 150 ml of water samples were acidified with HNO3 and kept for analyses. Plankton samples were taken with the aid of plankton sampler (Hydrobios Kiel plankton net). Filtered plankton samples (Whatman glass microfiber filter (GF/C) were acidified with HCl and kept for analyses. Sediment samples were collected using precleaned stainless steel sediment sampler and immediately placed in plastic bags. Samples were transported to the laboratory as soon as possible and air-dried in the laboratory at room temperature (21˚C ± 2). Air-dried sediment samples were homogenized and sieved (0.2 mm). Sediment samples were stored in acid washed polyethylene bottles. Sequential extractions have been applied using extractants with progressively increasing extraction capacity. In order to extract mobile fraction (F1) and easily mobilizable fraction (F2) of heavy metals ammonium nitrate and acetate ammonium buffer solutions were used (Zeien and Brümmer, 1989) . All glassware used for the analyses were carefully cleaned with nitric acid followed by rinsing with distilled water before use. All reagents used were of analytical reagent grade (Merck, Germany). Deionized water was used throughout the study. All analyses were done in duplicate.
Cu, Pb, Cr, Cd, Ni, Zn concentrations in all samples were analysed by atomic adsorption spectrophotometer with airacetylene flame method (UNICAM 929 AA Spectrometer). In addition boron and arsenic analyses were performed by using kits (Merck) in water samples. Some physical parameters such as pH and temperature (Metrohm type pH meter), EC(25°C) (Jenway 4310 type conductometer) and dissolved oxygen (DO) (Winkler method) were also measured during the study period. Measurements and analyses were per-formed according to standard methods (APHA, 1998) .
RESULTS
Heavy metals appeared in all of the samples analyzed. The evaluated data in water, sediment and plankton samples are shown in Tables 1 -4. Higher copper concentrations were detected in water and plankton samples, in March and April. In June, the Cu residue level was found low in water samples. In plankton samples lowest Cu level was found in August. In sediment samples, highest Cu level in F1 was found in September and lowest level in November. In F2, highest Cu level was found in January and lowest level in September.
Mean boron concentrations were detected in water samples at higher levels in February (1.6278 mg l ). Mostly boron concentrations were observed over critical level.
Arsenic concentrations were detected at low levels, mostly non detectable in water samples.
Lead concentrations in water samples were detected at similar levels for each month. In plankton samples, lead concentrations were detected at a higher degree in April (mean concentrations 4.302 mg g -1 ). In sediment samples, highest Pb level in both F1 and F2 was found in October. Lowest level in F1 was found in September and in F2 in August.
In general, chrome was below detection limit (0.01 mg l -1 ) in water samples. In plankton samples, chrome concentrations were detected at a higher degree in October (mean 6.557mg g -1
) and lowest Cr level was found in July (0.476 mg g -1 ). In sediment samples, highest Cr level in F1 was found in April and lowest level in March. In F2 highest Cr level was found in August and lowest level in May.
Mean cadmium concentrations in water samples, which were collected in April, were found to be highest level (mean 0.0614 mg l -1 ). In December, Cd level was found low in water samples. In plankton samples, mean cadmium concentrations were high in April (5.68 mg g ). However, Ni concentrations were low in August (2.513 mg g -1 ) in plankton samples. In sediment samples highest zinc level in F1 was found in September and lowest level in February. In F2, highest zinc level was found in May and lowest level in August (Tables 1 -6).
Seasonal variation of physical properties of water samples for the average of 5 stations are given in Table  5 . The temperature of water ranged between 9.28 -25.68°C and the pH ranged between 8. 63 -8.78 . Conductivity values ranged between 501 -721 S cm -1 . Also dissolved oxygen values changed from 8.01 to 11.28 mg l -1 (Table 5) .
DISCUSSION
Both Mustafakemalpa a and Karacabey Districts are the main residential areas around the Lake Uluabat. The main human activity at the Lake is fishing. Also, agricultural lands and industry surround the Lake. The River Mustafakemalpa a is the Lake's major inflow, but there is also input from underground springs. It drains a large part of the regions of Southern Marmara and Northern Aegeis, bringing large quantities of urban and industrial waste into the Lake basin each year (Altınsaçlı and Griffiths, 2001) . Furthermore, drainage water from the surrounding fields seeps back into the lake. The pollution which occurs from Mustafakemalpa a Stream, and its tributaries Orhaneli stream and Emet stream, is directly transported to the Lake. Boron which leaks from boron mines is carried by Mustafa-kemalpa a stream. Sixteen population centers are located around the Lake Uluabat and 67 population centers located around the Mustafakemalpa a, Orhaneli and Emet streams (Demir et al., 1998) .
A part of the concentrator wastewaters of the active chrome mine of Harmancık at Emet stream is discharged through the Kınık stream, having been attained in "resting pool" and precipitated most of its suspension materials. Also it reaches to the Emet stream through the Kınık Stream after discharging (Anonymous, 1999) .
There are lots of pollution sources in the Lake's own river basin. The most important one of the polluters discharged to the lake from Akçalar, is the polluters that Musa stream brings. The domestic and the industrial waste waters that stem from a tinning factory with 1200 m 3 wastewater discharge daily, is being transmitted to the Lake Uluabat through the Musa stream having been treated in the actual treatment facility.
Animal wastes run to the Lake at the shores in the biggest island of the Lake, Halilbey. When all these effects are taken into consideration, it is seen that, all these polluters combine together in the Lake and result in the pollution of the Lake.
In this study, Cu, Pb, Cr, Cd, Ni and Zn concentrations were detected at higher levels at Lake Uluabat for selected stations, especially in plankton samples. Significant heavy metal concentrations in plankton samples indicate heavy metal entrance through food chain. The accumulation of the heavy metal in plank-ton depends on the factors like absorption properties of the species and the seasonal changes. It is known that the quantity of the heavy metal depends on the concentrations in the water and on partially sediment. The opinion which supports the results of Lake Uluabat shows that organisms accumulate all elements between 100 to 1000 times when compared with their surroundings.
Generally, increased metal concentrations in water resulted in increased metal concentration in biota (Klavins et al., 1998) . In water samples of Lake Uluabat, Zn and Cu concentrations were significantly higher. Compared with previous studies, the Zn results (mean 0.13 mg l -1 ) are higher than these of Lake Quarun (0.02 ppm), Rayan 1 (0.02 ppm) and Rayan 2 (0.01 ppm) (Mansour and Sidky, 2003) . Zn concentration of Lake Lapland (1.84 g l -1
) (Mannio et al., 1995) is higher than that of Lake Uluabat. Cu concentrations of Lake Dominic was found to be 3.93 mg l -1 (Szymanowska et al., 1999) . Zhou et al. (1998) studied Zn, Pb, Cd, Cr and Cu and reported that only Cu was found in the water-soluble fraction in inland waters of Hong Kong. Boron concentrations were detected partially higher in outflow of the Lake (1 st sta.) and Island Halilbey (2 nd sta.). That's because of the inflow of Mustafakemalpa a stream, drains boron to the Lake, pass close to these places.
Generally, in water samples of Lake Uluabat, some heavy metal (B, Zn, Cu) concentrations were observed higher during the winter and spring. It is thought that this may be caused by pollution load drained via streams. The high concentration of some heavy metals (As, Ni, Cr and Pb) may be related to reduction of the Lake water level. Concentration differences were not observed among the stations. Table 6 shows heavy metal concentrations in Lake Uluabat water samples and guidelines. Water quality regulations in Turkey divide inland waters into four classes (Turkish Environmental Guidelines, 1988) . Class I refer to clean water that can be used for domestic purposes after simple disinfection, for recreation and irrigation. Class II refers to fairly clean water that can be used as domestic water after treatment, for recreational purposes or for fishing, farming, etc. Class III includes polluted water, which can only be used as industrial water after treatment. Class IV refers to heavily polluted water that should not be used at all (Demirak et al., 2006) . Accordingly, Lake Uluabat has been identified as Class I regarding to B, Zn, Ni and Cr; as Class II regarding to As; and as Class III regarding to Cu, Pb; and as Class IV regarding to Cd. The mean concentrations of Pb, As, Ni are lower and Cd, Cu, Zn, Cr are higher than criteria maximum concentrations (CMC). Moreover, according to US EPA (2006), the mean concentrations of As, Ni are lower and Cd, Cu, Zn, Pb, Cr are higher than criteria continuous concentration (CCC) value of the US EPA water quality (Table 6) .
According to literature, numerous factors play a role in determining the level of accumulated cadmium, including source, exposure level, distance from contamination source and the presence of other ions. Heavy metal toxicity is affected by temperature, dissolved oxygen concentrations and pH. In addition, differences in species and water hardness might affect the toxicity (Barlas, 1999) .
Metal distribution among specific forms varies widely based on the chemical properties of metals and soil characteristics. Thus, it is important to evaluate the availibility and mobility of heavy metals to establish environmental guidelines for potential toxic hazards and to understand chemical behaviour and fate of heavy metal contaminants in soils (Ma and Rao, 1997) . The sequential extraction used in this study is useful to assess the potential mobility of heavy metals in the sediment indirectly.
Pb concentration levels in sediments were consistently higher than Cd concentration levels. These results could be explained by the fact that Cd in sediments is mainly associated with the carbonate fraction and it is a readily solubilized metal, whereas Pb is mainly associated with the Fe-Mn oxide fraction and has higher retention in sediments (Fernandez et al., 2000) . Domestic and industrial effluents, municipal runoffs and atmospheric deposition may be the major sources of the observed high level of Pb. The contribution of Pb from the use of leaded petrol in outboard boat engines and automobiles and car batteries is possibly significant (Kishe and Machiwa, 2003) . Similarly, pollutants that are present surrounding Lake Uluabat explain Pb pollution observed in Lake.
Concentration of Cu and Cr in mobile fraction is detected higher than in easily mobilizable fraction. According to these result Cu and Cr are more available to aquatic life. Concentration of Pb, Cd, Zn and Ni in mobile fraction is detected in lower levels than in easily mobilizable fraction, which means they are less available to aquatic fauna and less changes of entering into the human food chain. Sekhar et al. (2003) who studied Kolleru Lake reported that Zn, Cd, Cu and Pb are mostly associated with mobilizable fraction. Wang et al. (2004) reported that the portion of heavy metals, based on three-step sequential extraction procedure, indicates relatively high mobility of Zn, Cu, Pb and Ni in the sediments.
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In sediment, mobile fraction levels are higher than easily mobilizable fraction levels, which mean high percenttage of salinity is found and availability of adsorbtion in sediment is insufficient. The magnitude of heavy metal concentrations in water samples was B>Cu>Zn>As>Cd>Pb>Ni>Cr; in plankton samples Zn>Ni>Cu>Cr>Cd>Pb; in sediment samples in mobile fraction Pb>Cu>Cr>Ni>Cd>Zn and in easily mobilizable fraction Pb>Ni>Cr>Cu>Cd>Zn. The series of biological consumption of microelements by phytoplankton (Zn>Ni>Cu>Cr>Cd>Pb) suggest an explanation of the rapid accumulation of Cd, Zn and Pb in the bottom deposits of eutrophic lakes. Hellawell (1988) reported that heavy metal toxicity is affected by temperature, dissolved oxygen concentrations and pH. Cd is very toxic to fish and other aquatic organisms, however, temperature, pH and water hardness are factors that influence its toxicity and uptake by fish (Barlas et al., 2005) . In Lake Uluabat, all physical parameters varied within the normal range.
Conclusion
Lake Uluabat is one of the most important wetlands not only in Turkey but also in the Middle East and Europe. The results of the present study clearly demonstrate that Lake Uluabat is contaminated with Cd, Pb, Cu, Cr, Ni and Zn. In sediment, mobile fraction levels, is higher than easily mobilizable fraction levels, which means salinity found is excessive and availability of adsorbtion in sediment is insufficient. There should be effort to protect Lake Uluabat from pollution to reduce environmental risks and this study may provide valuable data for future research on Lake Uluabat. The main topics that may be needed to be investigated are control of industrial and domestic discharges, regular observation of pollutants, evaluation of effect of pollutants on Lake's ecosystem over the long term, coordinating the pollution source and preventing inflow of pollutants to the Lake.
